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Summary: A new promising treatment for patients with symptomatic cholelithiasis is extracorporeal shock
wave lithotripsy. In Order to learn how to Interpret the computed tomographic (CT) densities of gallstones
measured in vivo, our radiologists asked the clinical chemistry laboratory to analyse cholesterol, bilirubin and
calcium in gallstones. No reference methods for the analysis of gallstones have been described. A literature
search for manageable quantitative methods for these analyses was not successful. Among the different X-
ray diffraction, infrared and chemical analyses described, we could find no well documented analyses that
have been compared with reference methods or proposed reference methods for serum. This finding prompted
us to develop chemical methods for cholesterol, bilirubin and total calcium in gallstones starting from
(proposed) reference methods for serum and to investigate the accuracy, imprecision and linearity of these
methods.
Introduction
Until a few years ago cholecystectomy was the only
therapy for symptomatic gallstones, so the composi-
tion of the gallstones did not matter. Modern thera-
pies include dissolution therapy and extracorporeal
shock wave lithotripsy combined with dissolution
therapy. Advantages of these therapies are: no Oper-
ation required (under general anaesthesia) and lower
costs. A disadvantage is the high frequency of recurr-
ence. With respect tp the composition of the stones,
only stones or stone fragments with a cholesterol
content above 80 per cent can be removed by disso-
lution therapy, ppssibly after extracorporeal shock
wave lithotripsy, so that for pigment stones (less than
25% cholesterol) and mixed stones (25 to 80% cho-
lesterol) cholecystectomy remains the only therapy
(1).
Methods used for gallstone analysis include X-ray
diffraction analysis, infrared analysis and chemical
analysis. The latter two techniques are able to analyse
most epmpbnents in gallstones, while X-ray diffrac-
tion analysis is confined to crystalline components.
Like most investigations on the composition of gall-
stones, we restricted ourselves to cholesterol, bilirubin
and calcium. The techniques used for the chemical
analysis of cholesterol äs well äs bilirubin in general
consist of an extraction Step, followed by a chemical
reaction and colorimetric analysis. The extraction step
for both cholesterol and bilirubin can be carried out
with e.g. acidified methanol-chloroform (1 + 1 by
vol.) (2), while the extraction of cholesterol only can
be carried out with isopropylalcohol (3). The meas-
urement of cholesterol is carried out with non-enzy-
matic (2, 4—7) or enzymatic (3, 8) colorimetric meth-
ods or by GLC (9, 10). Bilirubin can be analysed
colprimetrically according to Michaelson (2) or Weber
& Schalm (11). Sieg (3) determined the ratio, bilirubin/
conjugated bilirubin, by thin layer chromatography
(TLC). Wosiemtz (10) determined calcium bilirubi-
nate after extraction with Na-EDTA and Na-tauro-
cholate Solutions.
In most cases calcium is measured by atomic absorp-
tion spectrophotpmetry (AAS). Sieg (3) analysed cal-
cium titrimetrically after dissociation of calcium from
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its components in the presence of HC1. Nakayama
(12) described a complicated system for the relatively
complete quantitative microanalysis of gallstones us-
ing solvent partition, column chromatography and
GLC procedures.
In nearly all the sources mentioned above, authors
refer to literature on the chemical analyses of com-
ponents in serum, but the performance of the com-
plete analysis of gallstone components is not investi-
gated sufficiently. One exception is Nakayama (12),
who found a recovery of cholesterol of 91 % and of
bilirubin of 93%. For the imprecision of cholesterol
he found a CV of 0.7%, for bilirubin 2.7% and for
calcium 3.9%. Another exception is Bell (6), who
calculated a CV of 2.1% for the cholesterol analysis
according to Abell et al. (13). Literature on X-ray
diffraction analysis or infrared analysis of gallstones
in general also does not document the performance
of the methods used.
Comparing analytical results obtained with different
techniques is^of limited importance, e. g. infrared anal-
ysis measures CaCO3 and calcium bilirubinate sepa-
rately, while chemical analysis results in total calcium.
Our aim is to develop modifications of (proposed)
reference methods for the analysis of cholesterol and
bilirubin in serum. The method for the analysis of
calcium in gallstones is compared with an AAS-
method. We investigated the imprecision, linearity and
recovery of the complete analysis.
Analysis of total bilirubin (bilirubin and calcium bilirubinate)
and bilirubin
To a portion of 10 mg of gallstone in a glass t be, 200 μΐ of
dimethylsulphoxide (DM SO) was added and the mixture in-
cubated for half an our. Ten μΐ of HC1 (12 mol/1) was added
and incubation continued for another half houf to dissociate
calcium bilirubinate. Then 5 mg of EDTA was added to bind
free calcium, and 100 μΐ of NaOHf(1.2 mol/1) to achieve a
neutral pH. The tube was made up tp 5 ml with bovine albumin
solution (40 g/l) in TRIS buffer (0.1 rnol/I, pH 7.4). The bili-
rubin concentratioii was measured on a SMAC Instrument
(Technicon, Tarrytowri, New York, USA). This assay is linear
from 0 to 500 μηίοΐ/ΐ. If HC1 and EDTA are not added and
200 μΐ Na2CO3 (0.1 mol/1) is used instead of the 100 μΐ NaOH,
calcium bilirubinate does not dissociate, so only bilirubin reacts.
The assay on the SMAC Instrument correlated well with the
assay according to Doumas et al. (14).
Analysis of calcium
1. o-Cresolphthalein complexon method
A portion of 25 mg of gallstone powder was transferred to a
50 ml Volumetrie flask. Five drops of concentrated HC1 were
added and after one minute l ml of water was added. After
one more minute the flask was made up to volume with water.
After filtration the calcium content was analysed in duplicate
using an o-cresolph thalein complexon method (15) on an EPOS
5060 Instrument (Merck/Eppendorf, Hamburg, Gennany). This
assay is linear from 0 to 5 mmol/i.
2. Atomic absorption spectrometry
AAS analysis of calcium in the filtrates described above
was carried out on a Perkin Eimer 3030 B Instrument with
a Ca-Mg hollow cathode light source and an acetylene/air
flame. The wavelength is 422.7 nm. As a Standard we used
CaCO3 - 4H2O, SRM # 915, from the National Bureau of Stand-
ards. Samples and Standards were diluted 41 times with l g/l
LaCl3 · 7H2O before analysis (16). This assay is linear froni
0 to 10 mmol/l.
Materials, Methods and Statistical Analysis
Materials
Cholesterol was purchased from Sigma, St. Louis, MO, USA;
CaCO3 pro analysis from Merck Darmstadt, Germany; biliru-
bin from Merck Darmstadt, Germany, and calcium bilirubinate
was prepared according to Edwards (4).
Methods
Sample pretreatment
Gallstones were washed, dried superficially and weighed to the
nearest 0.1 g. After drying to constant weight (48 hours at
37 °C) the stones were weighed again. Gallstones or parts of
them were ground in a mortar.
Analysis of cholesterol
Thirty mg of gallstone powder was transferred to 15 ml glass
tubes. Then 10ml of ethanol was added and the closed tubes
were incubated at 50 °C for 10 minutes to complete the disso-
lution of cholesterol. After Standing at room temperature for
another 10 minutes the tubes were centrifuged at 2000 £ during
10 minutes. Then cholesterol was analysed manually according
to Abell et al. (13). This assay is linear from 0 to 10 mmol/l.
3. Calcium analysis ( -cresolpHthaiein complexon method)
after ashing of gallstones
A 25 mg portion of gallstone powder was dissolved ifi 250 μΐ
H2SO4 (l mol/1) in a porcelain cup. During one hour the H2SO4
was evaporated at 180 °C. The sample in the cup was ashed at
600 °C until colorless, then cooled to room temperature in a
desiccator. HC1 (250 μΐ, 370 g/kg) was added to the residue,
foilowed 5 minutes later by 10 ml of double-distilled water. The
contents were transferred quantitatively to a 50 ml Volumetrie
flask and calcium was analysed s described above.
Statistical analysis
Within-run imprecision was calculated from duplicates,
whereby the SD was assumed to be constant.
The linearity of cholesterol, bilirubin and calcium analyses was
investigated by analysing a component in an increasing amount
of gallstone powder, from 0 to twice the arnount that is stated
in the protocols above.
Accuracy was investigated by recovery experiments of choles-
terol, bilirubin and calcium after adding increasing arnounts of
a stock solution to gallstones with different levels of the sub-
stance to be investigated.
Regression lines were calculated according to Passing & Bablok
a
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Results
Table l demonstrates the results of within-run impre-
cision.
The linearity of the measurement of cholesterol in
gaUstones was investigated both in a pigment stone
(11.1% cholesterol) and in a cholesterol stone (100%
cholesterol) by increasing the amount of stone powder
from 5 to 50 mg per 10 ml of ethanol (n = 10).
Tab. 1. Within-run imprecision calculated from duplicates.
Tab. 2a. Recovery of cholesterol in gaDstones.
Component
Cholesterol
Bilirubin
Calcium
Range of
percentages
0.0-99.0
0.1-15.8
0.1-16.4
n
10
25
25
SD (%)
1.0
0.4
0.3
The check for linearity of the assay for total bilirubin
in gallstones was carried out with two stones. No
deviation from linearity was observed using increasing
amounts (n = 10) from 8 to 80 mg powder from one
stone (0.7 per cent bilirubin) and from 1.1 to 12mg
powder from the other (30 per cent bilirubin) per 5 ml
of albumin solution.
The linearity of the calcium analysis in gallstones
using the ö-cresolphthalein complexon method also
was investigated using two gallstones. To check line-
arity we used increasing amounts (n = 10) from 5.4
to 96 mg powder from one stone (0.5 per cent calcium)
and from 6.5 mg to 91 mg powder from the other
(13.2 per cent calcium) per 50ml solution. For all
three components no deviation from linearity was
observed within the ranges investigated.
The results of the recovery experiments are shown in
tables 2a, b and c.
To investigate whether our calcium assay döes meas-
ure all calcium present in a stone we ashed 11 gall-
stones in duplicate and analysed total calcium. In
cholesterol stones the calcium content assayed in this
way correlated well with oüf ö-cresolphthalein com-
plexon (CPC) assay. The regression line was y(ashcd)
= 1.0541 X(CPQ + 0.0428 and the correlation coeffi-
cient was Of9963. Similar analyses in pigment stones
are under investigatiqn.
In 16 stones we analysed bilirubin and total bilirubin.
The percentage bilirubin ranged from 0.3 to 5.4 and
the total bilirubin percentage from 0.3 to 15,8. On
average, bilirubin made up 54 per cent of total bili-
rubin (ränge 8 to 100 per cent).
'
Stone 1
2
3
Chol-
esterol
0.5
15.4
92.9
Amount of
gallstone
(mg/1 Oml)
30
30
15
Amount
of added
cholesterol
(mg/10 ml)
0-30
0- 6
0-16
Recovery
mean
106.6
81.7
102.4
SD
1.8
6.9
3.2
Tab. 2b. Recovery of bilirubin in gaUstones.
Stone 1
2
Biliru-
bin
0.3
8.5
Amount of
gallstone
(mg/5 ml)
10
10
Amount
of added
bilirubin
(mg/5 ml)
0-0.5
0-0.5
Recovery
mean SD
97.0 5.0
85.4 6.7
Tab. 2c. Recovery of calcium in gallstones.
Cal-
cium
Amount of Amount
stone of added
(mg/50 ml) calcium
Recovery
(mg/50 ml) mean SD
Stone 1
2
0.8
14.5
25
25
0-6
0-6
110.1
107.4
5.3
8.8
Within the ränge 0 to 4 per cent calcium, the results
obtained with the ö-cresolphthalein complexon
method (CPC) were compared with AAS. The regres-
sion line was y(CpC) = 1.0211 x(AAs) + 0.0222 and the
correlation coefficient was 0.9999 (n = 25).
Discussion
Infrared analysis of gallstones has been used for a
long time, e.g. Toyoda (18) analysed calcium biliru-
binate and total pigment äs early äs 1966. Although
some investigators have analysed a large number of
different components in gallstones (e. g. Trotman et
al. (7) describe 9 components, while Nakayama (12)
even describes the analysis of 16 different compo-
nents), cholesterol, bilirubin and calcium are the most
important ones.
In gallstone analysis obviously infrared analysis has
advantages if compared with chemical analysis: it is
quick, it analyses all components at one time, and it
requires only a small amount of sample. Disadvan-
tages are that Instrumentation for infrared analysis is
not available in most laboratories, and that the per-
formance of infrared analysis strongly depends on
disc preparation.
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The protocols for the analysis of cholesterol and cal-
cinm described above were used in a study of the
prediction of gallstone composition by CT analysis in
vitro äs well äs in vivo, conducted by Brakel et al.
(1). The results of the chemical analysis performed by
the clinical chemistry department, using gallstones
obtained by cholecystectomy from fifty patients with
cholelithiasis, served äs a gold Standard. Of the stones,
37 were cholesterol stones and 13 were mixed or
pigment stones. An inverse relationship was found to
exist between CT attenuation numbers and cholesterol
content, and there was a good positive correlation
Tab. 3. Ranges in composition of 50 (69) random stones ob-
tained by cholecystectomy.
Cholesterol
stones
Mixed
stones
Pigment
stones
n = 37 n = 5 n = 8
Cholesterol
Calcium
Total bilirubiri
80-100
0-
0-
7.4
2.3
55 -78
0.4-14
0.3- 6.4
0.0-18
0.0-28.5
1.1-15.8
between CT attenuation numbers and calcium eon-
tent. The authors conclude that with their Instrumen-
tation a CT number smaller than 140 HU (Hounsfield
Units) indicates a pure cholesterol stone (cholesterol
content above 80%). The importance of the in vivo
results with respect to treatment is obvious. The re-
sults of our analyses of fifty gallstones randomly
obtained by cholecystectomy are shown in table 3.
Vergunst et al. (19) carried out an in-vitro comparison
of different gallstone dissolution solvents, also using
the protocols described here.
Based on the results of reproducibility, linearity and
recovery, we feel that the results of gallstone analysis
using our protocols for chemical analysis are good.
The amount of gallstone powder necessary for the
analyses of cholesterol, calcium and bilirubin is 65 mg.
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